OBJECTIVE -To examine the significance of individual risk factors on the development of diabetes in subjects who underwent screening for diabetes.
D
iabetes is associated with significant morbidity and mortality (1,2). Optimal glycemic control has been shown to delay the onset and reduce the progression of diabetic complications in both type 1 and type 2 diabetic patients (3,4). Subjects with type 2 diabetes are often asymptomatic, and diagnosis may be delayed for many years after onset. It has been estimated that ϳ5.4 million adults in the U.S. have undiagnosed type 2 diabetes (5,6). In Hong Kong Chinese subjects, up to 60% of diabetic subjects identified during epidemiological studies were previously undiagnosed (7). Established risk factors for glucose intolerance include age, obesity, a positive family history of diabetes, and a history of hypertension, gestational diabetes, or dyslipidemia. The American Diabetes Association recently recommended screening for glucose intolerance in subjects with these risk factors at 3-year intervals (6). We have previously reported similar risk factors in a general Chinese population (7,8). However, their relative significance on the development of diabetes in Chinese has not been well examined. We studied 75-g oral glucose tolerance test (OGTT) results in 1,649 Chinese subjects who underwent screening for diabetes because of the presence of risk factors. We aimed to examine the significance of individual risk factors on the development of diabetes in subjects who underwent screening.
RESEARCH DESIGN AND METHODS

Subjects
Subjects with known risk factors for diabetes underwent screening at the Diabetes Center of the Prince of Wales Hospital. They were referred from the community and other Departments of the Hospital. Between 1990 and 1996, 1,649 (75-g) OGTTs were performed for this purpose. All subjects were asymptomatic but had known risk factors for diabetes, including a positive family history of diabetes, a past history of gestational diabetes, obesity, hypertension and/or dyslipidemia. For the purpose of the analysis, we defined these risk factors as follows:
• A positive family history of diabetes in parents or siblings
• Obesity defined by a BMI Ն27 kg/m 2 • Hypertension defined by a sitting systolic blood pressure (BP) Ն140 mmHg and/or sitting diastolic BP Ն90 mmHg
• Dyslipidemia defined by a HDL cholesterol level Ͻ0.9 mmol/l and/or triglyceride level Ն2.8 mmol/l • Gestational diabetes diagnosed by a 3-h 50-g OGTT if 2 or more plasma glucose values equaled or exceeded the following cutoff values: fasting, 5.0 mmol/l; 1 h, 9.5 mmol/l; 2 h, 8.1 mmol/l; 3 h, 7.0 mmol/l (9,10). The 3-h 50-g OGTTs were performed at 26-28 weeks of gestation if the subjects had clinical risk factors for gestational diabetes. The latter included a previous history of having a big baby, a family history of diabetes in first-degree relatives, and/or being aged Ն35 years. If the subjects had one or more risk factors that might indicate early-onset or current gestational diabetes, such as a previous history of gest a t i o n a l d i a b e t e s , g l y c o s u r i a , polyhydramnios, or fetal macrosomia, the tests were arranged immediately after the first consultation. There was no biochemical screening test before the 50-g OGTT was performed.
These 1,649 subjects with risk factors were then scheduled to attend our center to repeat full clinical and laboratory assessment. All subjects attended after at least 8 h of fasting. Height and weight (measured to the nearest 0.1 kg) were measured with the subject in light clothing without shoes. BMI was calculated as weight (in kilograms) divided by height squared (in meters). After sitting for at least 5 min, BP was measured in the right arm using a standard mercury sphygmomanometer. The Korotkoff sound V was taken as the diastolic BP. The mean value of 2 readings (measured 1 min apart) was used. Fasting blood was taken for measurement of glycated hemoglobin, total cholesterol, triglyceride, and HDL cholesterol. All subjects underwent a 75-g OGTT for screening of diabetes using the World Health Organization 1998 criteria, i.e., fasting plasma glucose Ն7.0 mmol/l and/or 2-h plasma glucose Ն11.1 mmol/l (11).
Another 799 age-matched subjects were recruited from the community for comparison. They came from another population-based epidemiological study for cardiovascular risk factors. These 799 subjects had none of the risk factors listed above and were recruited for the present study. By definition, they had normal BP (Ͻ140/90 mmHg), BMI Ͻ27 kg/m 2 , HDL cholesterol Ն0.9 mmol/l, and triglyceride levels Ͻ2.8 mmol/l and had neither a family history of diabetes nor a past history of gestational diabetes. These control subjects were studied with a similar study protocol as subjects who had risk factors for diabetes.
All subjects gave informed consent, and the study was approved by the Ethical Committee of the Chinese University of Hong Kong.
Analytical methods
Plasma glucose was measured by a glucose oxidase method (Diagnostic Chemicals reagent kit). Glycated hemoglobin was measured by an automated ion-exchange chromatographic method (Bio-Rad, Hercules, CA). Total cholesterol and triglyceride were measured in plasma enzymatically with commercial reagents (Dimension; Dupont Instruments, DE). HDL cholesterol was measured by the same enzymatic assay after precipitation of HDL by the heparin/manganese method. LDL cholesterol was calculated using Friedewald' s equation (12).
Statistical analysis
Statistical analysis was performed using SPSS software (version 8.0) on an IBM compatible computer. All results are expressed as means ± SD. The 2 test and Student' s t test were used for between-group comparisons. Odds ratios and 95% CIs of diabetes likelihood in subjects with risk factors compared with control subjects were calculated by logistic regression after adjustment for age. Multiple logistic regression analysis (stepwise forward) using age, BMI, hypertension, total cholesterol, LDL cholesterol, dyslipidemia (triglyceride Ն2.8 mmol/l and/or HDL cholesterol Ͻ0.9 mmol/l; 1 = yes, 0 = no), family history of diabetes (1 = yes, 0 = no), and past history of gestational diabetes (1 = yes, 0 = no) as independent variables was performed to estimate the independent effects of these variables on the risk of having diabetes. A P value Ͻ0.05 (2-tailed) was considered to be significant. RESULTS -Of the 1,649 subjects who underwent screening, 441 (26.7%) were men and 1,208 (73.3%) were women. Their mean age was 38.0 ± 8.8 years (median 38.0, range 18-75). Of the 799 age-matched subjects in the comparison group, 408 (51.1%) were men and 391 (48.9%) were women. Their mean age was 36.8 ± 8.9 years (median 35.0, range 17-81). Table 1 summarizes the clinical characteristics of the high-risk subjects and control subjects. The percentages of diabetes in the high-risk subjects and control subjects were 14.6% (n = 241) and 3.6% 69 ± 9 74 ± 11 † Fasting plasma glucose (mmol/l) 4.9 ± 0.7 5.4 ± 1.5 † 2-h plasma glucose (mmol/l) 5.7 ± 2.0 7.6 ± 3.5 † Glycated hemoglobin (%)
4.3 ± 1.2 5.6 ± 1. 
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(n = 29), respectively. Among the 1,649 high-risk subjects, the prevalence of diabetes increased from 10.9, 19.0, 26.4% to 52.8% for subjects aged Ͻ40, 40-49, 50-59, and Ն60 years, respectively (P value for trend: Ͻ0.001). Compared with the comparison group, the odds ratio (95% CI) of having diabetes after adjustment for age in the subjects with known risk factors was 5.2 (3.5-7.7) (P Ͻ 0.001) [women: 5.1 (2.8-9.1); men: 5.1 (2.9-9.0)]. Of the 1,649 subjects who underwent screening for diabetes because of the presence of risk factors, 989 (60.0%; 691 women, 298 men) had 1 risk factor, 502 (30.4%; 393 women, 109 men) had 2 risk factors, 141 (8.6%; 110 women, 31 men) had 3 risk factors, and 17 (1.0%; 14 women, 3 men) had 4 or 5 risk factors for diabetes. There were 678 (41.1%) subjects with a family history of diabetes, 195 (11.8%) with hypertension, 324 (19.6%) with dyslipidemia, 533 (32.3%) with obesity, and 755 (62.5% of women) with a history of gestational diabetes. The mean number of risk factors was 1.5 ± 0.7. This result remained constant among subjects aged Ͻ40 years (1.5 ± 0.7), 40-49 years (1.5 ± 0.7), 50-59 years (1.5 ± 0.6), and Ն60 years (1.5 ± 0.8) (NS). Figure 1 shows the relationship between the odds ratio of having diabetes and the number of risk factors. The odds ratio (95% CI) of having diabetes after adjustment for age increased from 3.7 (2.4-5.7) in subjects with 1 risk factor to 7.4 (4.7-11.8) in subjects with 2 risk factors, 11.7 (6.4-21.1) in subjects with 3 risk factors, and 28.4 (8.8-91.1) in subjects with 4 or 5 risk factors. The progressive additive effect of risk factors on diabetes is obvious in women. However, the odds ratio reached a peak for those men who had 3 risk factors.
The effects of the individual risk factors on having diabetes were examined by analyzing those 989 subjects with only one of these risk factors. They were compared with the comparison group with no risk factors. The respective odds ratio of each risk factor are shown in Table 2 . Multiple logistic regression analysis on all subjects with or without risk factors (n = 2,448) showed that age, BMI, family history of diabetes, and dyslipidemia had significant independent effects on having diabetes in men, whereas age, BMI, hypertension, dyslipidemia, total cholesterol, and history of gestational diabetes had significant independent effects on having diabetes in women (Table 3 ). CONCLUSIONS -Most of the epidemiological studies in the U.S. have shown that as many as 50% of type 2 diabetic patients were not diagnosed previously (5,6). Similar figures (30-50%) were reported in studies from Europe (13), Taiwan (14), and Singapore (15) . In Hong Kong, only 38% of diabetic subjects had been previously diagnosed (7).
There are now epidemiological and interventional studies showing that hyperglycemia is an independent risk factor for mortality, cardiovascular morbidity, and diabetic complications (3, 16, 17) . In view of the insidious onset of hyperglycemia in type 2 diabetes, early diagnosis by screening may help to reduce the risk of development and progression of cardiovascular events and diabetic complications (3,4,18). Type 2 diabetes is frequently associated with dyslipidemia, obesity, hypertension, and old age (19) (20) (21) (22) . Subjects with a positive family history of diabetes (23, 24) and a past history of gestational diabetes (25, 26 ) also have increased risk or odds of developing diabetes. In this analysis, subjects with one or more risk factors had overall 5.2-fold increased odds of having diabetes compared with subjects with no risk factors. There was also an additive relationship between the number of risk factors and the relative odds of diabetes, especially in women. Odds increased from 3.7-fold in subjects with 1 risk factor to 28-fold in those with Ն4 risk factors.
It is noteworthy that among subjects with risk factors for diabetes, 40% had more than 1 risk factor. Given the effect of age on glucose intolerance and obesity, the incidence of diabetes in this high-risk group is expected to increase further with time. Prospective studies examining the additive effects of these risk factors on mortality and cardiovascular morbidity as well as diabetic complications are obviously needed in Chinese subjects. Nevertheless, there is now strong evidence from other studies, such as the Framingham Study and the Multiple Risk Factors Intervention Trial, confirming these associations (27) (28) (29) .
In conclusion, age, BMI, family history of diabetes, and dyslipidemia in men and age, BMI, hypertension, dyslipidemia, total cholesterol, and history of gestational diabetes in women are associated with increased odds of developing diabetes in Hong Kong Chinese subjects. These risk factors are associated with age and have additive effects on the odds of having diabetes. Early and regular screening for diabetes and other cardiovascular risk factors is essential in these high-risk individuals. 
